Objectives: A cross sectional study of 54 furniture factories and three control factories was conducted to investigate the relation between subjective and objective nasal obstruction and exposure to wood dust. Methods: Acoustic rhinometry was performed on 161 woodworkers and 19 controls. For each person, four measuring rounds were performed: before work, after 4 hours of work, and after 7 hours of work before and after decongestion. Before the first and third measuring round, each person rated the current feeling of nasal obstruction in the left and right nostril separately, using a visual analogue scale. Personal passive dust measurements were performed on 140 woodworkers. . The exposure was divided into four levels: controls, low exposure, medium exposure, and high exposure. For the two highest concentrations of exposure, a significant increase in congestion-decreased nasal cavity volume and cross sectional areas-was found after 4 and 7 hours of work, compared with before work. Multivariate linear regression analysis showed positive correlations between concentration of dust and change in mucosal swelling. A significant increase in self rated nasal obstruction was found after work compared with before work for the two highest exposure groups. No correlation between objective nasal variables and self rated nasal obstruction was found. Conclusion: Exposure to wood dust was related in a dose dependent manner to acute nasal obstruction measured by acoustic rhinometry and self reported obstruction, but no correlation was found between measured and self reported obstruction.
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T he first description of respiratory symptoms among woodworkers was performed by the Italian physician Ramazzini in the 18th century. 1 Recently, the International Agency for Research on Cancer has classified wood dust as a human carcinogen based on a substantial number of studies from the past 35 years.
2 Furthermore, wood dust is a well known local irritant, and is often related to a high frequency of nasal complaints, including nasal obstruction. [3] [4] [5] [6] [7] [8] [9] [10] [11] Beside nasal symptoms, nasal patency among woodworkers has been sporadically evaluated by objective methods. Åhman et al 3 have shown deterioration of nasal peak flow during a working week in 39 woodwork teachers but not in 32 controls. They found no impairment in nasal resistance measured by rhinomanometry during a working week in woodworkers or in controls. Wilhelmsson et at 4 confirmed the sense of nasal obstruction among 50 woodworkers by rhinomanometry, but they did not investigate the relation between concentration of wood dust and nasal patency.
Measurement of nasal patency by acoustic rhinometry 12 has become more common in recent years. 13 The method is non-invasive and can be applied to a wider range of subjects than other methods of monitoring the nasal airways, and acoustic rhinometry is at least as sensitive as other methods. 14 Measurable effects of the degree of nasal mucosal swelling after exposure to dust and volatile organic compounds have previously been demonstrated by acoustic rhinometry. 15 16 In 1997, we initiated a cross sectional study in Viborg County, Denmark, to investigate the relation between exposure to wood dust and respiratory diseases. 17 The aim of this paper is to present results on the relation between subjective and objective nasal obstruction and exposure to wood dust.
MATERIAL AND METHODS

Study design
One hundred factories in the furniture industry situated in Viborg County in 1997 were identified by means of Statistics Denmark, the local Danish Working Environment Service, and the local Occupational Health Service. Factories with more than 20 employees were asked to participate (45 out of 48 accepted) and additionally a random sample of factories with five to 20 employees participated (nine out of 38). Factories with less than five employees (14) were excluded.
A total of 54 factories participated in the study, and the base study population was defined as all 2381 workers employed in woodworking departments, assembly departments and stock departments of these factories. As a control, 619 people from three factories (two producing refrigerators, one producing hearing aids) with no apparent concomitant air pollution were selected. The 57 factories were visited between October 1997 and June 1998.
For each furniture factory, an average of three people were randomly chosen for nasal investigations. No measurements were performed at four furniture factories because of damaged equipment. Demographic data such as sex, smoking, and age did not differ for the 51 participating factories and the four non-participating factories. From each control factory, six to seven people were randomly chosen for nasal investigations. In total, 161 woodworkers and 19 controls were measured by acoustic rhinometry and by a visual analogue scale of nasal obstruction, and 178 people (159 woodworkers and 19 controls) had valid measurements.
Occupational hygiene survey
Personal dust sampling that measured the equivalent inhalable and total dust concentration was carried out with passive dust monitors. 18 19 In total 140 of the 159 workers participating in the nasal investigation had a valid dust measurement.
Simultaneously 5% of the workers performed calibration measurements by inhalable dust sampling (Institute of Occupational Medicine (10 m) cassette at 2.0 l/min 20 ) and total dust sampling with a 37 mm Millipore field monitor, closed face, inlet diameter of 5.6 mm at 1.9 l/min corresponding to an inlet velocity of 1.25 m/s. 21 For each measurement, information about work tasks and type of wood processed was collected. A job exposure matrix (JEM) comprising 18 cells (six different work tasks, three sizes of factories) was created from dust measurements performed in the original study. 17 This matrix was used to assign a dust value to five people in this study, who had no measurements, but where information about work task was available. For 14 woodworkers no information about level of exposure was available.
Nasal investigations
The mucosa of the nasal cavity was investigated by acoustic rhinometry. 12 An audible sound (150-10 000 Hz) generated by a spark propagates through a sound tube into the nasal cavity through the nostril. The sound waves are partly reflected by local change in acoustic impedance due to an alternating cross sectional area. By measuring the signals of the incident and reflected waves in a time domain, it is possible to determine the size of change in the cross sectional area as a function of the distance from the nostril. The size of the minimum cross sectional area (A min ) and the areas at 3.3 and 4.1 cm (A 3.3 and A 4.1 ) from the nostrils were determined for the two nostrils. By integration of the area-distance curve the nasal volumes 0-5, 0-7, and 2-5 cm (vol 0-5 , vol 0-7 , and vol 2-5 ) from the nostrils was determined as well. A nosepiece of the conical type, with either an internal diameter of 8,10, or 12 mm was used. The measurements were made under standardised conditionsfor example, at the same time in the respirable cycle (immediately after expiration) and with the person in the sitting position and breathing through the mouth.
For each person, four measuring rounds were performed: (a) before work; (b) after 4 hours of work; (c) after 7 hours of work, before decongestion; and (d) after 7 hours of work, after decongestion.
Decongestion was done with a short acting topical decongestant (zylometazolin, 1 mg/ml) sprayed into each nostril 10 minutes before the fourth measurement.
The mean values were calculated from a maximum of three valid measurements on each side of the nose. Curves were manually selected according to Grymer et al. 22 Immediately before each measuring round, the person's heart rate was noted. Before the first and last measuring round, the room temperature was measured, and the mean daily room temperature was used in the analyses. Before the first and third measuring round (before decongestion), the current feeling of nasal obstruction was rated for each nostril separately, using a visual analogue 10 cm scale. The scale is a 0-10 cm line scale labelled no complaints at all (0) at the left end and maximal complaints (10) at the right end. 23 Data on nasal dimensions and subjective nasal obstruction are presented as the sum of the values from the right and left sides.
Questionnaire A modified British Medical Research Council questionnaire 24 with additional questions on allergy, respiratory symptoms, family history of allergy, rhinitis, smoking, and occupational history including working tasks 25 were handed out at the factories. Of the 178 people with valid nasal measurements, 166 returned the questionnaire (93.2%).
Analysis
For comparisons of independent data, independent sample t test or one way analysis of variance (ANOVA) was undertaken for normal distributions and the Mann-Whitney test or Kruskal-Wallis test for non-normal distributions. For paired data, paired sample t test was undertaken for normal distributions and the Wilcoxon signed rank test for nonnormal distributions.
Multiple analyses were undertaken with linear regression, and interaction between concentration of dust and smoking and temperature was examined by two way ANOVA. As a confounding control, all models from the start included smoking, age, sex, height, weight, allergy, hay fever, temperature, use of compressed air, use of pine wood, and heart rate before measurement by acoustic rhinometry. Unless otherwise stated, the level of significance was p<0.05.
Unless otherwise stated, the dust exposure was treated as an ordinal scale in the analysis.
RESULTS
The demographic characteristics of the cohort are listed in table 1. There were significantly less men in the control group, compared with the woodworkers. No difference in age, smoking, allergy, and hay fever was found in the two groups. Among controls, the mean room temperature was slightly but significantly higher than the mean room temperature among woodworkers.
Occupational hygiene survey
The aritmetic mean (SD) for the 140 equivalent inhalable dust measurements and the five measurements estimated from the JEM was 1.17 (0.62) mg/m 3 , range 0.17-3.44 mg/m 3 . The workers were grouped into high (n=37), medium (n=77), and low (n=31) exposure according to the interquartile range of the equivalent inhalable dust concentrations of the total study population, 17 the medium group contained two quartiles. For 14 woodworkers no information about level of exposure was available.
For 139 woodworkers, the main wood types used were; 51 (37%) pine wood, 23 (17%) composite wood (particle board, veneer, medium density fibre board), 11 (8%) hard wood, and 54 (39%) used mixed wood types. For 20 woodworkers, no information on wood type was obtained. Altogether 45% used compressed air.
Acoustic rhinometry
Rhinometric variables for men and women in the first measuring round before work are listed in table 2. A min , vol 0-5 , and vol 0-7 were significantly smaller among women than men. Exactly the same pattern was found at 4 and 7 hours (measuring rounds 2 and 3).
In the following analysis, the rhinometric variables were adjusted for the effect of decongestion with the formula:
Mucosal swelling=variable 4 /variable (n) where variable 4 is the decongested value measured in round 4, and n is rounds 1-3. The adjusted variables thus describe the mucosal swelling in rounds 1 to 3. Table 3 shows mucosal swelling for nasal volumes and cross sectional areas before work (measuring round 1) for the four exposure groups. No difference was found between the four groups. Exactly the same pattern was found at 4 and 7 hours of work (measuring rounds 2 and 3)-that is, no difference between exposure groups was found in the study population.
In figure 1 , paired data within the four exposure groups are presented as mucosal swelling (swell.vol 0-5 , swell.vol 2-5 ) and nasal cross sectional area (swell. A 4.1 ) before work and at 4 and 7 hours of work (measuring rounds 1 to 3).
For the two highest levels of exposure, a significant increase in congestion was found at 4 (swell.vol 0-5 , swell.vol 2-5, swell.A 4.1 ) and 7 (swell.vol 0-5 , swell.vol 2-5, swell.A 4.1 ) hours at work, compared with before work. For the low exposure group the same tendency was found, although it was not significant. For the control group, a tendency toward a decrease in congestion was found during the working day.
No difference in congestion during the day for A min was found, independent of exposure level (not shown). Swell.vol 0-7 and swell.A 3.3 showed exactly the same pattern as swell.vol 0-5 and swell. A 4.1 (not shown). In figure 1 D, E, and F, the percentage of swelling before work was used on the y axis to correct for the pre-exposure level of mucosal swelling. This did not change the tendency towards increasing mucosal swelling during the day for the groups with the highest exposure.
Apparently, there seems to be a dose-dependent change in mucosal swelling during the first 4 hours of working, with no further increase during the rest of the working day.
To investigate the relation between change in congestion and concentration of dust, the difference in congestion between the first and second measuring round was calculated as:
Increase in congestion=swell (2) /swell (1) =D where swell (2) is mucosal swelling measured in round two, and swell (1) mucosal swelling measured in round one. Table 4 summarises the results of multivariate linear regression analyses of the relations between concentration of dust (categorised in three exposure levels and no exposure) and change in mucosal swelling between the first and second measuring round, including possible confounders, for four nasal variables. Between concentration of dust and all variables, excluding DA min , positive significant correlations were found. For all volume variables, positive correlations were found for height. For smoking, negative correlations were found for all nasal variables. Dvol 0-7 and DA 3.3 showed the same pattern as Dvol 0-5 , and DA 4.1 (not shown).
No significant interactions were found between smoking and exposure to wood dust or temperature and exposure to wood dust.
The R 2 value of the total linear regression model and of a model only including exposure to wood dust is given in table 4. Also, standardised regression coefficients are given. Smoking, heart rate before work, and to a lesser extent height contribute substantially to explain variation in mucosal swelling.
The multivariate linear regression analyses were also performed with the actual environmental dust concentrations in the analysis. The coefficients were nearly identical or slightly increased, but at the expense of a slightly decreased precision (not shown). Figure 2 shows the relation between Dvol 2-5 and the concentration of inhalable dust including controls, where the controls were assigned 0 mg/m 3 as their dust concentration. The linear regression was significant. Table 5 shows difference in self rated nasal obstruction (after work−before work) for the four exposure groups. A significant increase in nasal obstruction was found after work compared with before work for the two groups with the highest exposure. The same tendency was found for the group with low exposure, although non-significant. No significant difference was found across the four exposure groups, in the first or in the third measurement round (not shown).
Rating of symptoms
Linear regression with self rated nasal obstruction in the four exposure groups showed a tendency toward greater difference with increasing dust concentration, although this was non-significant (coefficient 0.40, p=0.112). No significant correlation between absolute values for acoustic rhinometry variables and self rated nasal obstruction was found for either the total nose, or for the left and right side separately.
Additionally, no significant correlation between changes in acoustic rhinometry variables and change in self rated nasal obstruction during the day was found.
DISCUSSION
Our results indicate that exposure to wood dust is related to acute nasal obstruction. To our knowledge, this is the first epidemiological investigation applying acoustic rhinometry relative to wood dust concentration in the wood industry. One proposed mechanism for irritation is that wood dust inhibits normal mucuciliary clearance. 26 27 In studies of woodworkers, rhinoscopic examinations have shown abnormal mucous lining with a swollen, granular, or extremely dry mucosa, 28 and evidence of inflammatory effects related to wood dust (increased albumin and neutrophil concentration) in the nasal mucosa has been reported. 29 In this study, selection bias was less likely, as the participants were randomly chosen from the total study population. No significant differences were found between demographic characteristics of this randomly selected study population and the total study population for age (37 v 37 years) or men (88% v 82%). There was no obvious explanation for there being significantly less current smokers in the randomly selected population (33% v 42%). Recall bias due to an awareness of exposure may effect symptom reporting, but it is unlikely to affect clinical signs of nasal congestion. Age, sex, height, weight, smoking, hay fever, and allergic predisposition were controlled for without the results of the bivariate analysis being changed.
Occupational hygiene survey
The level of exposure among this subsample of people was nearly identical to the level in the total population, where the
This suggests that the random sampling of people has been successful.
The general concentration of wood dust was low, compared with earlier studies in the wood industry. 2 30 The concentrations of dust have decreased during the past 25 years and a comparison between a Danish national cross sectional study in the wood and furniture industry in 1988 31 and the present study showed a 52% decrease of dust exposure in the Danish furniture industry. 32 Earlier studies which have investigated the relation between concentration of wood dust and respiratory health effects have mainly used the total dust sampling fraction. The rationale of sampling particle sizes of reference to expected health effects has gained more international attention. 33 34 Laboratory research and some practical field studies have shown that the inhalable dust fraction rather than total dust is more relevant to expected health effects from the upper part of the respiratory tract. 20 35-37 In this study, the equivalent inhalable dust fraction was chosen because effects on the upper part of the respiratory tract were investigated.
Woodworkers are intermittently exposed to other potential irritants, especially when using paints, lacquers, and glues. For that reason, people working with surface coating were excluded from the study population. The glue used in the factories participating in this study was mainly water based without formaldehyde, and the formaldehyde content in chipboard and fibreboard has declined substantially during the past 15 years (unpublished data). It is unlikely, that such exposures would have had a strong influence on the symptoms. However, interaction with wood dust and other irritants cannot be excluded.
Working with pine was included in the analysis, because earlier studies have indicated that the emission of the volatile organic compounds terpenes are important for irritative reactions in the upper airways. [38] [39] [40] Working with pine dust did not in a significant way contribute to nasal patency and was excluded from the final model.
Acoustic rhinometry
Posture and breathing are known to affect the nasal patency measured by acoustic rhinometry, 41 42 and therefore the measurements were performed in a standardised way.
In this study, rhinometric variables for the anterior part of the nose were smaller among women than men, which agrees with a recent study from Sweden. 43 On the contrary, Grymer et al 22 found a tendency towards higher values for women. Comparing the three studies, the values for men were in the same range, but the values for women were higher in the study by Grymer et al.
The unequal distribution of men and women among exposed and controls in this study tend to underestimate the rhinometric variables in the control group, especially, A min , vol 0-5 , and vol 0-7 . The results indicate no difference in nasal patency between the control group and the three exposed groups for the three measurement rounds separately. Reference values for acoustic rhinometry show wide variations in nasal variables between people and suggest that the method is most reliable for comparisons within individual people. 22 43 Also, a cross sectional design is not ideal to investigate chronic health effects, and may have caused an underestimation of the true effect if there was any health based selection away from the furniture industry. Exposure to wood dust was positively related to a dose-dependent change in mucosal swelling between first and second measuring round. The results were consistent across the different variables, which is not surprising, as the variables by nature are highly correlated. The nasal effect was most marked after 4 hours of work, and was not further increased during the rest of the working day, indicating that an upper limit is reached within a few hours. By contrast, smoking was negatively correlated with change in the measured nasal variables. Smokers had less increase in mucosal swelling than non-smokers between the first and second measuring round.
The difference was due to a greater tendency in smokers than non-smokers to increased mucosal swelling in the first measuring round and decreased mucosal swelling in the second measuring round. One explanation may be an increased baseline mucosal swelling and a decreased mucosal reactivity among smokers due to a congestant effect of smoking. 44 Heart rate before the first measuring round was slightly but significantly positively related to change in mucosal swelling. Further analysis showed a positive relation between change in heart rate and change in mucosal swelling between the first and second measuring round (not shown). The influence of exercise on the nasal mucosa is well known. 45 Heart rate in this study is measured as a proxy for the level of physical activity. A high level of physical activity before the first measuring round will tend to decrease mucosal swelling due to increased sympatic tone at the first measurement leading to a greater potential swelling in the following period of time.
The mean (SD) heart rate was significantly higher before the first than the second measuring round (79.3 (14.2) v 73.9 (13.1), p<0.001). The first measuring round was not consistently preceded by a 15 minute resting period, by contrast with the last three measuring rounds. This may explain the higher heart rate before work, and underline the importance of taking the physical activity level into consideration in the analyses.
Height was slightly but significantly positively related to change in the volume variables of mucosal swelling between the first and second measuring round. In another study of 106 adults no significant relation to height was found, but in a different study that included children, A min was positively related to height and weight, 43 which probably reflected a natural relation between nose dimensions and body size.
Temperature is known to affect the nasal patency, 16 46 and an interaction between temperature and exposure on volume of the nasal cavity has been documented. 46 Temperature was therefore included in the initial model, but did not contribute in a significant manner; hence, it was excluded from the final model. It must be emphasised, that the mean room temperature is a crude measure for the temperature.
Use of compressed air, as a proxy for high dust peak concentrations, was excluded in the final model, as it did not contribute in a significant manner to the model.
As shown by the R 2 values in table 4, smoking, heart rate, and to a lesser extent height are important explanatory variables for change in nasal patency, compared with wood dust, highlighting the importance of taking alternative explanations into consideration in the interpretations of the results.
The humidity was not measured in this study. The humidity at furniture factories is fairly constant (40%-50% relative humidity) to keep the water content in the wood constant (personal communication). In an experimental study of eight people, Pedersen et al did not find any effect of humidity on the nasal patency measured by acoustic rhinometry, with relative humidity ranging from 15% to 85% (unpublished data).
Rating of symptoms
The visual analogue scale has been considered most suitable for rating symptoms within individual people, 47 thus the paired comparisons between first and third measuring round are probably more valid than the comparisons within individual people between the four exposure groups.
The positive relation between woodworkers with medium and high exposure and increase in self reported nasal obstruction before and after work indicate an acute dosedependent effect of wood dust on nasal obstruction. In a study by Åhman et al 3 woodwork teachers rated more nasal obstruction (on a visual analogue scale) on Tuesday afternoon than on Monday morning.
No significant correlation between acoustic rhinometry variables and the feeling of obstruction in both nostrils was found, which agrees with earlier studies. 48 49 Although, Roithmann et al 48 found a relation between ipsilateral A min and subjective obstruction, which could not be confirmed in this study, Grymer et al 50 found weak correlation between subjective obstruction and A min for the narrow side of the nose. Although some subjects might feel congested due to a unilateral obstruction, it seems most relevant from a clinical point of view to investigate the sum of values from the two nostrils.
In conclusion we have shown that a dose dependent exposure to wood dust is related to acute nasal obstruction measured by acoustic rhinometry and by self reported obstruction, but no correlation between acoustic rhinometry and self reported obstruction was found.
